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The HLA system: structure and function
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SUMMARY The HLA system is the major histocompatibility system of man and was found through
a search for blood group-like determinants on white blood cells that would be effective in matching
for transplantation. The HLA system has its counterparts in other species of mammals, birds, and
reptiles including the much studied H2 system of the mouse. The HLA system started from a series
of antigens defined by a combination of relatively crude serology and genetics, supported by exten-
sive statistical analysis. It has turned out to be a complex genetic region determining two major sets
of cell surface products which mediate essential functional interactions between cells of the immune
system, and so have a major role in the control of the immune response. Polymorphism in the HLA
region is thus associated with a wide variety of diseases with an immune aetiology.

In this brief review I shall survey some aspects of the
structure and function of the HLA system and their
relation to disease susceptibility, and the normal and
pathological tissue distribution of the two major
classes of HLA determinants.

The HLA system

Early studies in the search for white cell blood groups,
especially by Dausset, showed that there were white
cell agglutinins in the serum of polytransfused sub-
jects which were used for the definition of an antigen,
but these sera turned out to be too complex to be
generally useful. The further search for antigens
depended on the independent discovery by Van Rood
and Payne in 1958 that leucocyte agglutinins were
produced by fetal-matemnal stimulation. Using such
sera and a statistical approach based on the analysis
of 2 x 2 associations of serum reactions on a panel of
cell donors, Van Rood defined a two allele system
which he called group 4 in 1962. These statistical
methods were further developed by Payne et al,' who
defined an apparently independent system of antigens
which they called LA (L for leukocytes and A for the
first locus). Subsequent development of the system
made use of a microcytoxicity assay dependent on
complement that had been developed by Terasaki.
This assay used partially purified peripheral blood
lymphocytes as the target cells, and together with
fetal-maternal antisera, remains the mainstay ofHLA
typing, although monoclonal antibodies, as will be
described later, are gradually taking over. As further
antigens associated with the LA and 4 groups were
defined it became clear that these antigens fell into

two series, each of which behaved as if they were con-
trolled by a set of alleles at two closely linked loci,
now known as the HLA-A and HLA-B loci. Sub-
sequently, a third similar locus, HLA-C, was defined.

Following the discovery by Bach and Amos that
the mixed lymphocyte culture reaction (in which the
ability of lymphocytes to stimulate each other to
divide is detected by the incorporation of tritiated
thymidine) was controlled in association with the
HLA antigens, the mixed lymphocyte culture test was
used to define a new set of determinants called HLA-
DW. Subsequently, it was established that these were
paralleled by a set of serological determinants that
could be identified predominantly on peripheral
blood B lymphocytes, the HLA-DR, for D-related
types. Further serological and cellular studies
identified additional similar types called HLA-DQ
and DP.
The development of the HLA system has been

greatly enhanced by a series of international collabo-
rative workshops started by Amos in 1964, the ninth
of which took place in 1984. The proceedings of these
workshops effectively define the development of the
HLA system, and the latest provides a comprehensive
survey of the HLA system.2 Further reviews of the
system are available.3"
The loci controlling the two major sets of sero-

logically defined antigens, the HLA-A, B, C or class I
determinants, and the HLA-D region or class II
determinants, are closely linked to each other at either
end of the HLA region, which lies on the short arm of
chromosome 6. Fig 1 gives a schematic genetic map of
the HLA system. The region spans a recombination
fraction of between 2 and 3%/o. In other words about
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Fig 1 Schematic map ofthe HLA region.
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and DR and this set of genes is at the centromeric end
of the region.
Both the HLA-D region and HLA-A, B, C sets of

products function in controlling interactions between
cells in the immune response and, through this, play a
key part in the regulation of the immune response
through interaction with the T lymphocyte antigen
receptor.
The strongest evidence that the HLA system is

indeed the major histocompatibility system relevant
for matching for transplantation comes from the fact
that kidney or bone marrow grafts exchanged
between HLA identical siblings survive, with appro-
priate immunosuppressive treatment, almost as well
as those between identical twins and far better than
grafts exchanged between mismatched siblings or
other relatives. Because the loci controlling all the
HLA determinants are closely linked within the HLA
region, on average there is a 25% chance that a pair of
siblings will be HLA identical, the exceptions being
due to genetic recombination occurring within the
HLA region. Matching for HLA within the family,
therefore, ensures that most of the time all the
differences within the region are matched. Matching
unrelated donors and recipients for HLA-A, B, C and
D region determinants has an important effect on
graft survival, but the results are much less striking
than those with HLA identical siblings. This may
either mean that there are other determinants con-
trolled by the HLA region, which are not yet clearly
identified, with respect to which matching for trans-
plantation is important; or that combinations matter
so that, for example, matching for either HLA-A, B,
C alone or HLA-D region alone is not as good as
matching for both together. Morris et alt have written
a recent review of the effects of HLA matching on
transplantation.

In between the HLA-A, B, C and HLA-D sub-
regions lies a series of genes for some complement
components and also for the 21-hydroxylase enzyme,
deficient in those with congenital adrenal hyperplasia.
The complement genes in HLA are C2, the second
component of the classical complement pathway, fac-
tor B (BF), the closely related product of the alterna-
tive pathway, and C4 the fourth component of the
classical pathway. The C4 and 21-hydroxylase
(210H) genes are duplicated adjacent to those for C2
and BF. Recently, the genes for the tumour necrosis
factor a and ,B chains have also been shown to be in
the HLA region.6

Serological and cellular analysis has shown that
there are at least 18 alleles at the A locus, 41 at B,
eight at C, about 20 at DR, three at DQ, and six at
DP. Each allele at these loci corresponds to a type
defined by the serological and cellular techniques.
Each type is identified by a combination of a letter

Bodmer
and a number, corresponding to the locus and the
allele within the locus-for example, Al, B8, CW6 or
DR4. (TheW in CW6 stands for "workshop" to indi-
cate, originally, a less clearly defined specificity. Now,
however, the W is mainly used to distinguish the C
locus products from the complement components.)
The types thus fall into six different sets correspond-
ing to the six loci, A, B, C, DR, DQ and DP, and each
individual can carry up to two different types corre-
sponding to two different alleles at any locus. Thus
each individual may have up to 12 different types, two
from each of the six sets corresponding to the six loci.
These types can create about 80 000 million different
combinations and generate, overall, an extraor-
dinarily high level of polymorphism.

Pairs of alleles at closely linked loci within the sys-
tem are often highly associated in the population due
to the phenomenon of linkage disequilibrium or
gametic association. Thus Al at the HLA-A locus
occurs in northern Europeans with a frequency
of about 31% and B8, controlled by an allele at the
closely linked HLA-B locus, with a frequency of
about 21%. The combined phenotype Al and B8
occurs with a frequency of about 17%, while if the
two types were independent in the population the
expected frequency would only be 0-31 x 0-21 or
6-5%. The excess of Al B8 types over that expected if
they were independent is due to gametic association
or linkage disequilibrium-namely, the occurrence in
the population of a relatively high frequency of chro-
mosomes that carry the alleles Al and B8 together on
the same chromosome. In the absence of disturbing
effects, such as natural selection, gametic associations
decline eventually to zero at a rate (1 - r)', where r is
the recombination fraction between the loci and n the
number of generations. The recombination fraction
is, therefore, the major determinant of the extent of
gametic association, and strong associations probably
occur only for recombination fractions which are less
than 0-5-0-1%. In practice strong gametic association
is found between alleles at the DQ, DR, complement
and HLA-B and C loci, while the average association
between alleles at HLA-A and HLA-B is much less,
and there is mostly no detectable assocation between
HLA-DP alleles and other alleles of the HLA region
loci. This fits in with the fact that the recombination
fraction between the HLA-A and HLA-B loci is
about 0-8%, while that between HLA-DP and DQ or
DR is about 1-5%. The recombination fractions
between the other loci must be much less, as few ifany
recombinants have been detected between any of the
HLA-DQ, DR, complement, B and C loci.
The patterns of gametic association and

recombination are reflected in the distribution of
recombination "hot-spots" (fig 1). These are positions
where recombination is presumed to occur much

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.40.9.948 on 1 S

eptem
ber 1987. D

ow
nloaded from

 

http://jcp.bmj.com/


The HLA system: structure andfunction
more often than elsewhere in the region, and they
have been clearly identified in the mouse I region,
which is the equivalent of the HLA-D region.7 In the
HLA region recombination hot-spots are presumed
to occur between DP and DQ and between A and C,
and these are identified directly by relatively high
recombination fractions-namely, between 0-5% and
2%, given the established molecular distance between
the genes. In the case of the DQ subregion the hot-
spot is identified by a relative lack of gametic associ-
ation between alleles at different loci within the sub-
region. In general, strong gametic associations may
be expected between alleles at loci within a region
bounded by recombination hot-spots, but not
between alleles at loci separated by a recombination
hot-spot, even when both are in the HLA region.

Molecular genetics of the HLA region

All the known products of the HLA region have been
cloned using standard techniques of molecular gen-
etics, generally starting from cDNA clones through to
selecting genomic clones. This has established the
genomic organisation of individual genes and of the
region as a whole.8 -10 Sequence data show that the
HLA-A, B, C and D region products are members of
the immunoglobulin supergene family, sharing
important though limited homology and character-
istic structural features with the immunoglobulins.

There is an obvious problem in naming the HLA
region products, which arises because of their having
originated from studies of genetic variation, as in the
case of blood groups, rather than as a protein prod-
uct, like immunoglobulins and haemoglobins. When
the product is studied first, the gene loci are naturally
named after the product. In the case of the HLA sys-
tem, however, there are names for the genes but no
good names for the products. By analogy with the
immunoglobulins, the HLA and other species major
histocompatibility products can conveniently be
called "histoglobulins." It then seems natural to call
the class I products histoglobulins I or HgI, and the
class II products histoglobulins II or HgII1 1; this pro-
visional nomenclature will be used in the rest of this
paper.

951
Analysis of the class I or HgI products and their

corresponding DNA sequence has shown them to
have three protein domains outside the cell, followed
by a transmembrane region, and a short intracellular
cytoplasmic tail. The three main external domains
have corresponding exons, as do the signal sequence
and transmembrane region, while the cytoplasmic
domain is distributed among three small exons (fig 2).
All the HgI genes have essentially the same structure,
and the major polymorphism of the HLA-A, B, C
genes is found in the two domains most distal to the
cell surface (al and a2). The membrane proximal
domain (a3) is the one with the greatest similarity to
immunoglobulins and is most closely associated with
#2-microglobulin, itself a member of the immuno-
globulin supergene family.
The class II or HgII products have a similar struc-

ture and genomic organisation to HgI (fig 3). Each of
the two chains has two external domains (cx1, a2 and
81, P4 coded for by separate exons. It is also the
membrane proximal domains which show the greatest
similarity to the immunoglobulins.

Fig 4 gives a more detailed map of the HLA-D
region. From this it can be seen that in addition to the
DP, DQ, and DR subregions, other genes have been
found between the DP and DQ subregions, pro-
visionally called DZa and DO#. It is, however, not yet
known to what extent they are expressed and what
their functional importance might be. The DP and
DQ subregions contain duplicated pairs of a and ,B
genes, only one member of which is expressed, while
the DR subregion contains two and sometimes three
expressed fi chain genes, but only one a chain gene.
This organisation suggests an origin from a series of
duplication events and some selection for diversifica-
tion of the HLA-D region products. By far the most
polymorphic loci are those for DQ,B, DQa, and one of
the DR# chains. The other DR3 chain and the DP3
chain are also fairly polymorphic, but DQcx is the only
highly polymorphic a chain. This pattern of differ-
ential variability strongly implies that it is generated
by natural selection. The obvious explanation for this
selection is an effect of polymorphism on immune
response differences to clinically important patho-
gens, and some form of frequency dependent selection
in relation to this is still the most plausible mechanism

(*) (s)
- DP - l- DO - DO - - DR

DP12 DPW2 DP DPW1 DZa DO OX Dx DODOOao DRO ORpq OR(53) DRa DRA

Fig4 Molecular map ofthe human HLA-D region. The blocks indicate the various genes in the DP, DO, DQ and DR
subregions and the arrows above them the directions of transcription. U indicate genes known to be expressed; M those known
to be pseudogenes; and D those which are potentially expressed, but where the expression is not definitely established (based
on Trowsdale etal 198526).
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for the generation of the extensive polymorphism of
the HLA region.12

Sequence comparisons between the products of the
HLA region and also between them and immuno-
globulin and other genes of the immunoglobulin
supergene family are beginning to provide a consis-
tent overall picture of the pattern of evolution of the
region. The greatest homology between parts of the
HLA molecules and immunoglobulins is about
20-25% at the amino acid level, which suggests an
evolutionary separation of about 750 million years.
The differences between HLA-D region and ABC
products are not much less, and the approximate per-
centage of shared amino acid sequence between HgII
a and ,B chains is also only 30%. This suggests that a
series of successive duplications first of all separated
the HLA region from the immunoglobulins and other
related products, and then within the HLA region
separated HgI and HgII products, and subsequently
within HgII a and chains. All of these events are
likely to have happened more than 700 million years
ago. Within the HLA-D region the differences
between subregion genes, either ax or ,B, are about
45%, while within a subregion the difference between
the two DP a chains is about 25%, but between the
two DQa chains only about 7%. This suggests a fur-
ther hierarchy of duplication events, of which the
most recent, that giving rise to the division with the
DQ subregion, may have occurred only some 15 mil-
lion years ago. Sequence variation between alleles,
especially neutral substitutions, can given some indi-
cation of their age. The data suggest that some alleles
may be five or more million years old and therefore
predate Homo sapiens, but postdate divergence of the
hominids from the great apes. There are, however,
vestiges of similarities between alleles even in man
and mouse, suggesting that some allelic differences
may, indeed, be much older than this but have natu-
rally diverged during mammalian evolution.13

Immune response and disease associations

The discovery by McDevitt et al that specific immune
response genes could be found in the mouse H2
region3 stimulated the search for HLA and disease
associations based on immune response differences
having a role in diseases with an immune or auto-
immune aetiology. There is now an extraordinarily
long list of HLA and disease associations.'4 Table 1

gives examples of some of the more striking presently
known associations. In all these cases an HLA anti-
gen has been found much more often in patients with
the disease than in appropriate controls. This indi-
cates either a direct effect of the antigen in question,
perhaps on immune response, or a susceptibility con-
trol by an allele at a closely linked locus that is in

Bodmer
Table I Some HLA and disease associations

Rheumatoid arthritis 80% DR4
Ankylosing spondylitis - 100% B27
Juvenile diabetes - 100% DR3 or DR4
Narcolepsy - 100% DR2

Other diseases Graves' disease DR3*
Myasthenia gravis DR3
Multiple sclerosis DR2
Psoriasis CW6
Coeliac disease DR3
Haemachromatosis A3
Reactive arthritis B27

100% means almost 100%.
*The listed antigens are those with the strongest disease association.

strong gametic association with the allele controlling
the associated antigen. Most of the diseases involved,
including in particular rheumatoid arthritis, anky-
losing spondylitis, juvenile insulin dependent diabetes
mellitus (IDDM), Grave's disease, myasthenia gravis,
and coeliac disease are clearly autoimmune diseases.
The aetiology of diseases such as haemachromatosis
and psoriasis is less clear cut, though in psoriasis there
is some argument for an immune aetiology. Nar-
colepsy has become the most striking of the associ-
ations, and it is notable that multiple sclerosis shares
the same antigen. This suggests an immune aetiology
triggered by a virus, which may have more limited
tropism in narcolepsy than in multiple sclerosis.
Other mechanisms, however, certainly cannot be
ruled out, since it has been suggested that HLA-DR2
is associated with a differential pattern of sleep in nor-
mal persons.'5
There are relatively few published examples of a

direct effect of HLA on immune response. Law etal
showed that men who had undergone vasectomy and
who had produced particular types of autoantibody
to sperm had a significantly higher prevalence of the
antigen A28 than corresponding controls,'6 and this
observation has been confirmed by Hancock etal.'7
A recent interesting example of a difference in
immune response is the suggestion that antigens of
various Mycobacterium species gave a higher
responsiveness in a skin test in HLA-DR4 positive
subjects than in others.'8 This would be exactly the
type of association that might be expected to occur in
selection acting on HLA variants through differential
effects on resistance to important pathogens. The
later price to pay for this protection is, then, the asso-
ciation with autoimmune diseases such as rheumatoid
arthritis and IDDM.
The association between IDDM and HLA illus-

trates many features of the analysis ofHLA effects on
disease susceptibility. The initial association found by
Singal and Blajchman'9 was with HLA-B15, and only
later was the association with the HLA-D region
determinants DW3 and DW4 and then their sero-
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The HLA system: structure andfunction
Table 2 HLA-DR genotypes of43 diabetic patients
(IDDM) (x means not 3, 4, or 1)

DR type 3/x 3/3 3/4 4/4 4/1 4/x All other

Noobserved 2 1 17 9 10 4 0
Expected 59 03 06 03 04 52 303

Based on data from Winearls et al 1984.23 The expected numbers are
calculated from the frequencies seen in a local control population.

logical equivalents, DR3 and DR4, established.20 The
distribution of HLA types in affected sibling pairs
provided direct evidence for linkage between the
HLA system and the gene controlling susceptibility to
IDDM.2' In contrast with population association
data, which depend on a strong gametic association
between the antigen observed in patients (which has a
higher prevalence than in controls) and a presumed
allele at a closely linked disease susceptibility locus,
the sibling pair family analysis is a direct search for
linkage that does not depend on gametic associ-
ation.22

Table 2 shows the distribution of genotypes at the
HLA-DR locus for 43 patients with IDDM, based on
studies of their families.23 Patients all have either
DR3 or DR4, and there is a striking excess of
DR3/DR4 and DR4/DR1 heterozygotes, which
agrees with earlier data, at least for DR3/DR4.21
Another feature of the data (table 3) is the fact that
the association between B1 5 and DR4 is much
stronger in patients with IDDM than it is in a control
population. This observation accounts for the fact
that the first association between HLA and IDDM
was with B15. This was initially puzzling in relation to
the subsequently established association with DR4, as
there was no strong association between B 15 and
DR4 in the normal population. The data clearly
indicate that the primary effect of the HLA system on
IDDM is not due to DR4 alone. The susceptibility
could either be due to an allele at another locus
closely linked to both the DR and B loci, which shows
strong gametic asociation with both Bi 5 and DR4, or
it could be due to DR4 together with an allele at
another locus that is associated with B 15. The hetero-

Table 3 B15, DR4 haplotype combinations in diabetic
patients and controls

Haplotye B15, DR4 BIS,x

Patients 16 2
Controls 1 6

X' = 98

x means not DR4.
Haplotype B15, DR4 means that B5 and DR4 are inherited together
on the same chromosome.
Data from Winearls et al 1984.23
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zygote effect, as pointed out by Svejgaard et al24 and
Bodmer25 can be explained by an effect of a particular
combination of a and ,B chains that is only found, say,
in DR3/DR4 heterozygotes. As DQa is the only poly-
morphic a chain locus, this would imply that the com-
binations must be DQa/# combinations,23"2 which is
consistent with the population association data on
both B1 5 and DR4. Attempts are now being made to
refine the data on HLA and disease associations by
studying restriction fragment length polymorphisms
that can be identified using clones of the various HLA
region genes.26 Using this approach, Bell et al27
found suggestive evidence for the role of HLA-DQf
chain polymorphism in the association between DR3
and myasthenia gravis.
The associations between HLA and cancers are

much less clear cut than those with diseases with a
definite immune aetiology.28 The most obvious possi-
bility concerns effects of HLA variation on immune
response to viruses which are aetiologically associated
with cancer. Suggestive associations have been found
between HLA-DR5 and the acquired immune
deficiency syndrome (AIDS) virus, human immuno-
deficiency virus (HIV)29 30 and between Burkitt's
lymphoma, the original source of the Epstein-Barr
virus, and HLA-DR7.3' A weak population associ-
ation between HLA-B locus antigens and Hodgkin's
disease has been confirmed by a sibpair family anal-
ysis on patients with Hogkin's disease, showing a
severe distortion of the Mendelian HLA segregation
expected in the absence of an HLA effect.28 It is
important to emphasise that only a very small pro-
portion, perhaps up to 3%, of cases of Hodgkin's dis-
ease occur in families with two or more affected per-
sons. It is within such families that HLA typing can
establish whether the affected pairs of siblings with
Hodgkin's disease are identical, share only one HLA
chromosome but not the other, or have neither chro-
mosome in common. The expected incidence of these
three classes based on the assumption of Mendelian
segregation and in the absence of an HLA effect is
1:2:1. It is the departure from this expectation that
shows that there may be a gene in the HLA region
which confers susceptibility to Hodgkin's disease. The
data suggest that it may be possible to find an HLA
variant that is highly associated with Hodgkin's dis-
ease in the population, and HLA-DP is an obvious
possibility.32 Hodgkin's disease is interesting in that it
shows how a gene, which may only confer a small
chance, say I in 20, of getting the disease, may never-
theless, if there is virtually no chance of the disease
developing without the gene, produce an unequivocal
inherited susceptibility, even when there is no
significant familial clustering of the disease.33

The effects of the HLA system may not be directly
on disease susceptibility itself but on the pattern of
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expression of disease. Thus Oliver et al34 suggest that
the extent to which germ cell testicular tumours
metastasise may depend on the patient's HLA type.
Patients who were DR7 showed a higher incidence of
stage IV disease, with haematogenous spread to lung,
liver, brain or bone than those with other types. Fur-
ther data, both from families and population studies,
are needed to substantiate this interesting possibility
of a genetic influence on the pattern of tumour metas-
tasis.
The bases for the effects of the HLA system on

susceptibility to disease need to be established by
appropriate functional studies. Transfection of
cloned genes into a cell in which their expression can
readily be detected now provides enormous scope for
investigating the relation between function and struc-
ture. The cloned genes can be changed in defined pos-
itions and the effects of this on expression
investigated, both at the serological level and in terms
of function-for example, in antigen presentation.
Thus in our laboratory DP cosmid clones have been
transfected into mouse L cells and expressed both in
terms of recognition by monoclonal antibodies, and
functionally, through presentation of antigen."3 The
specific sequence at the DNA and protein level that
has a role in an immune response underlying an HLA
and disease association must eventually be identified.
This may mean reconstructing in vitro the basis for an
autoimmune attack using appropriate T cell clones,
which either recognise the autodeterminant in cellular
destruction, or, mediated through T cells, generate a
damaging autoimmune response. Manipulation of
cloned genes expressed in suitable cells will provide
the basis for testing whether, for example, a given
sequence suspected of underlying an HLA and dis-
ease association is critical for the presentation of a
particular antigen. The triggers for the development
of autoimmunity, be they viruses, other infections, or
exposure to antigens in the environment through diet
or in other ways, also need to be identified.32 36

Monoclonal antibodies and the distribution ofHLA
determinants in normal and pathological sue

Because of their specificity, unlimited availability,
and their potentially extraordinarily high reactivity,
monoclonal antibodies are making a major
contribution to the analysis of the HLA system. One
of the earliest monoclonal antibodies against any
human determinant was W6/32 which reacts with all
HLA-A, B, and C molecules.37 This and other similar
antibodies, including also some against f2-micro-
globulin, have been widely used for studies on the
tissue distribution of the HLA-A, B, C or HgI deter-
minants.38 Monoclonal antibodies against HLA-D
region or HgII determinants have made an important

Bodmer
contribution to the analysis of HLA-D region serol-
ogy and biochemistry, including the sorting out of the
three sets of products DP, DQ, and DR.3940 In addi-
tion to the monomorphic antibodies, there are now
many polymorphic antibodies for both HLA-A, B,
C41 and HLA-D region42 specificities. Monoclonal
antibodies to the D region specificities are also help-
ing define new determinants, and aiding the sero-
logical identification of differences previously only
defined by cellular techniques. New approaches to the
production of specific HLA monoclonal antibodies,
as well as the development of more sensitive tech-
niques based on enzyme linked immunoabsorbent
assay (ELISA),43 should eventually make HLA typ-
ing using these approaches the routine standard. Thus
mouse L cells transfected with human HLA-DP genes
have been used to make a DP specific polymorphic
monoclonal antibody in C3H mice.44 As the L cells
are derived from C3H mice, HLA specificities
expressed on their surface should be the only deter-
minant, apart from a possible tumour antigen, that
the C3H mouse can react to.

For some time, red blood cells seemed to be the
only major human normal tissue that did not express
HLA-A, B, C or HgI determinants. Subsequently,
especially following the use ofmonoclonal antibodies,
sperm and most trophoblasts were also found to lack
expression of HgI determinants on their surface.38
This absence of expression by sperm has been the sub-
ject of some controversy but has recently been clearly
confirmed by Kuhlmann et al.45 Its functional
importance is not yet clear, though it may simply
represent a gradual slowing down and stopping of
turnover of the HLA-A, B, C gene products as the
sperm mature. This is also assumed to be the case for
red blood cells as reticulocytes have been reported
still to express HgI determinants.
Immune T cell attack depends on the presence of

HgI histoglobulins on the surface of the target cells.46
The lack of HLA-A, B, and C determinants on the
trophoblast, which carries paternal as well as mater-
nal genes (and so should express antigens foreign to
the maternal environment) therefore protects the tro-
phoblasts from cellular immune attack against any
antigen. This explains in simple terms why the fetus
survives as an allograft-one of the classical con-
undrums of immunology.47 48 Avoidance of rejection
of the fetus is most likely to be due to protection
against cell mediated immune attack; HLA and other
antibodies are commonly produced as a result of
fetal-maternal stimulation and, in most cases, have no
untoward consequences for the fetus. Some apparent
expression of HLA-A, B, C related determinants on
extra villous trophoblasts has been described by Red-
man et al,49 but the importance of this is unclear.
A detailed survey of the distribution of HLA-A, B,
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C antigens on normal human organs has been
reported by Daar etal.S° The survey shows that in
addition to red cells, sperm, and trophoblast, certain
other cells, such as hepatocytes and neurones, have
either very low or absent expression of HgI. The lack
of HLA-A, B, C antigens from sperm may protect
them from cellular immune attack in the female,
before fertilisation, and so may have a functional
basis that is similar to the lack of these determinants
from trophoblasts.5' There is no obvious similar
rationale for the low expression or lack of these deter-
minants on other tissues, though it may have impli-
cations for transplantation-for example of the
liver-or using neurones.
The lack of HgI determinants on choriocarci-

nomas52 53 presumably explains why this tumour
(which, since it carries genes introduced from the
male as does the trophoblast, should express foreign
antigens), is unaffected by HLA incompatibility.54
The choriocarcinoma is protected from T cell immune
attack just like its normal progenitor the trophoblast.
These cells, interestingly, switch off HLA-A, B, C
gene expression in coordination, while still syn-
thesising and secreting fl2-microglobulin.
The first human tumour cell line anomalously

shown to lack completely surface expression of HLA-
A, B, C or HgI products was the Daudi cell line
derived from a Burkitt's lymphoma. Genetic experi-
ments with Daudi showed that its primary genetic
defect was the expression of f32-microglobulin,55 and
subsequent biochemical studies confirmed that HLA-
A, B, and C products were synthesised, but in the
absence of #2-microglobulin were not functionally
expressed on the cell surface.52 The lack of expression
of HgI in a tumour derived cell line Daudi, which
arose from a cell type that normally expresses their
determinants on the surface, was suggested by Arce-
Gomez etal"` to be a change that could have been
selected for during tumour progression through an
advantage of resistance to T cell immune attack. Such
resistance is presumably only an advantage to
tumours that express tumour specific antigens in a
form that can induce T cell immunity. In the case of
the Burkitt lymphoma derived cell line the Epstein-
Barr virus determinants would be a natural target for
such immunity. The fact that only few Burkitt's lym-
phomas seem to have deranged expression of HLA-
A, B, C or fl2-microglobulin determinants52 may be
explained by the observation of Rooney etal56 that
many Burkitt's lymphomas may lack the Epstein-
Barr virus determinants recognised by cytotoxic T
cells, and so may have used this alternative route to
escape from host T cell immunity directed against the
tumour.
These ideas naturally extend to the question of

whether carcinomas may be found that lack HgI
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expression and, if so, whether this represents an
escape from immune response to tumour specific anti-
gens selected for during tumour progression. In initial
studies a surprisingly high proportion of carcinoma
derived cell lines were shown to have low or absent
HgI expression, suggesting that these might corre-
spond to clinical situations in which tumours had a
specific antigen that generated a T cell immune
attack.38 52 Other examples of this phenomenon have
subsequently been described.5057
A most interesting ramification of these ideas is the

observation that certain adenovirus strains switch off
HgI antigen expression in the cells which they infect
or transform.58 59 Though there is some controversy
about the extent to which this reduced expression
favours tumour growth, it seems most likely that
these adenoviruses have evolved a mechanism that
allows them to hide inside a cell and so escape T cell
immune attack with respect to virally induced or
expressed determinants.
These observations on variations of HgI expression

on tumours suggest the possibility of a correlation
with prognosis. Some unpublished observations from
our laboratory support this idea in the case of colo-
rectal carcinomas. Thus in a screen of sections from
just over 50 cases derived from a typical sample of
colorectal carcinomas seen at St Mark's Hospital two
were found with complete lack of reactivity with the
HLA-A, B, C monomorphic antibody, W6/32.
(Richman P, personal communication). In contrast,
we have found that only three of eight colorectal
carcinoma derived cell lines express detectable
amounts of HgI on their surface. There is therefore a
suggestion that those that do express are either more
differentiated or less "aggressive" tumours in terms of
their growth characteristics and consequently prog-
nosis (Spurr N, Makin C, and Bodmer W,
unpublished observations). The clear implication is
that the cell lines are derived from tumours with a
more aggressive phenotype and therefore with a
poorer prognosis, which is consistent with the rela-
tively low yield of tumours that give rise to growing
cell lines. It would then be those tumours with a
poorer prognosis which tend more often to lack HgI
surface expression. Perhaps as the tumours progress,
they are more likely to develop changes on their cell
surface associated with their malignancy that may be
recognised as tumour specific antigens by the immune
system. As a result, they are then subject to stronger
selection by the development of immunity to T cell
attack through reduced or absent functional surface
expression of HLA-A, B, C determinants.
The cellular and serological basis on which HLA-D

region or HgII determinants were defined suggested a
limited tissue distribution, specifically on peripheral
blood B lymphocytes and also monocytes or macro-
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phages. An early cellular study also showed the pres-
ence of these molecules on the surface of endothelial
cells.60 This distribution was confirmed by initial
studies with monoclonal antibodies, which in addi-
tion hinted at their unexpected presence in other non-
lymphoid tissues, in particular the kidney.38 System-
atic surveys of the distribution of HLA-D region
HgII determinants subsequently showed their wide-
spread, though not universal, presence on endothelial
cells and an occasional patchy distribution on epi-
thelial cells, including on colorectal carcinomas.61 62
The clue to the probable clinical importance of this

distribution of HgII determinants came first from the
observations of Lampert et a163 and Mason et at64
that graft versus host disease induced the expression
of HgII products in adjacent epithelial tissues. This
was followed by the observation of Bottazo et at65
that HgII determinants were expressed on thyroid fol-
licular cells in patients with Graves' disease. As a
result of this came a general indication that auto-
immune reactions were associated with induction of
expression of HgD products on affected epithelial
cells. They pointed out that such cells expressing
HLA-D are able to present antigen to lymphocytes,
and that this may be a contributory factor to the
development of autoimmunity.32 At about the same
time that these observations were made it was shown
by Wallach et al66 and subsequently by many others
that y-interferon could induce the expression of HLA-
D region determinants on a wide variety of cell types,
including in particular, epithelial cells. As y-interferon
is released by T cells during immune stimulation,
this can explain nearly all the occasions when epi-
thelial cells have been observed to express HgII
determinants. This expression may be an important
adaptation that enhances T cell response to viral
determinants expressed on infected epithelial cells.
The occasional triggering of autoimmunity may be an
unfortunate side effect of this mechanism for enhanc-
ing the body's immune response to viral infections.
The first observation of unexpected expression of

HgII determinants on tumours was the description
given by Winchester et al67 of their presence on cer-
tain human melanomas, an observation that was sub-
sequently confirmed by many others. There is no evi-
dence that the normal melanocyte expresses HgII
(Bobrow L, personal communication). Perhaps the
expression of HgII on melanomas is induced initially
by y-interferon, or some other similar differentiation
inducer, and is associated with the expression of other
cell surface molecules, such as growth factor recep-
tors. This is supported by the indication that
y-interferon may induce the expression of the surface
receptor for tumour necrosis factor.68 Surface expres-
sion of a growth factor receptor may then provide a
strong selective advantage for tumour progression,

Bodmer
and the expression of HgII products may simply be a
by-product of this change. Interestingly, Ruiter et al69
have observed that melanomas also often lack expres-
sion of HgI determinants, and they have suggested
that there is a better prognosis associated with mela-
nomas that have a high expression of HgI and lack
HgII than those that express HgII and have a low or
absent expression of HgI. The changed expression of
the HLA-A, B, C or HgI products may be connected
with escape from T cell immunity, as seems likely to
be the case for other tumours.
Monoclonal antibodies which react differentially

with the HLA-DP, DQ, and DR products have been
used to show that in leukaemias and lymphomas at
least coordinate expression of all three sets of prod-
ucts does not always occur.70-72 These observations
have recently been extended to colorectal carcinomas
for which Ghosh et at73 have shown that DR fol-
lowed by DP, is most abundantly expressed, DQ
being present in much smaller quantities. These
authors state that HgII expression did not correlate
with the Dukes stage of the tumours, though all their
seven Dukes' A expressed HgII, while only 16 of 25 of
the remainder did so. Observations in our laboratory
suggest that increasing expression of HgII deter-
minants on colorectal adenocarcinomas may be asso-
ciated with a tendency to be better differentiated
(Richman P, personal communication). These pat-
terns of differential expression of the HLA-D sub-
region products suggest some differences in function.
As evolution is a somewhat messy patching up pro-
cess, however, a clear cut functional distinction
between these products should not necessarily be
expected.32

Monoclonal antibodies are proving to be essential
for the clear cut characterisation of HLA products in
normal tissues, in tumours, and in other disease
states. Variations in expression clearly may have
important functional implications and justify
investigation of HLA expression as a part of normal
histopathological investigation. For this purpose, it is
extremely valuable to have antibodies that are
effective in routinely fixed wax embedded sections.
Results with an antibody against the HLA-DR sub-
region a chain, 1 B5, have been described by Epenetos
etat74 and show the value of such a reagent for
routine immunohistology. It should now be possible
to make a wider range of these reagents that will help
in the investigation of the expression of HLA region
determinants, especially in different sorts of tumours
and their metastases.

Conclusion

The HLA region constitutes about 1/1000th of the
human genome, corresponding to a size of about 3 x
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106 base pairs. The total coding sequences within the
region, which include 6 D region a chains, 10 fi
chains, about 25 class I chains, and the genes for C4,
factor B, C2 and 21-hydroxylase code (including
pseudogenes) for a total of about 14 500 amino acids.
The proportion of the DNA sequence which codes, or
which potentially codes for a protein-the coding
ratio-is therefore 3 x 14 500/3 x 106, or about 1:70.
This is similar to coding ratios found for other known
genes, but nevertheless leaves room for further func-
tionally expressed genes which could perhaps have a
role in disease associations,' 1 and the tumour necro-
sis factor genes are a possible example. A complete
characterisation of the set of expressed genes in the
HLA region would immediately limit the possible
explanations for the effects of HLA variation on a
wide range of inherited susceptibilities to some major
chronic disease.
The structures and functions of molecules are inex-

tricably interrelated. Thus if we are to understand the
function of the HLA products at a molecular level it
is essential to establish their three dimensional struc-
ture using the techniques of x-ray crystallography,
and through this and other approaches work out the
functional basis for their interaction with the T cell
receptor and other key molecules with a role in the
immune response. Such structural knowledge,
together with the power of recombinant DNA and
cellular techniques, should enable us to unravel the
role of the HLA genes in transplant rejection,
immune response, disease associations, and tumour
progression.

References

I Payne R, Tripp M, Weigle J, Bodmer WF, Bodmer JG. Cold
Spring Harbor Symposia of Quantitative Biology 1964;29:
285-95.

2 Albert ED, Baur MP, Mayr WR. In: Albert ED, etal, eds.
Histocompatibility testing. Berlin: Springer-Verlag, 1984.

3 Barnstable CJ, Jones EA, Bodmer WF. Genetic structure of
major histocompatibility regions. In: Lennox ES, ed. Inter-
national review of biochemistry. Defense and recognition.
IIA:22. Cellular aspects. Baltimore: University Park Press,
1979:151.

4 Crumpton MJ, ed. HLA in medicine. Br Med Bull 1987;43:i-vi.
5 Morris PJ, Fuggle SV, Ting A, Wood KJ. HLA and organ trans-

plantation. Br Med Bull 1987;43:184-202.
6 Spies T, Morton CC, Nedospasov SA, Fiers W, Pious D,

Strominger JL. Genes for the tumour necrosis factor a and f
are linked to the human major histocompatibility complex.
Proc Natl Acad Sci USA 1986;83:8699-702.

7 Steinmetz M, Minard K, Horvath S, et al. A molecular map ofthe
immune response region from the major histocompatibility
complex of the mouse. Nature 1982;300:35-42.

8 Moller G. Immunological reviews No 84. Copenhagen: Munks-
gaard, 1985a.

9 M6ller G. Immunological reviews No 85. Copenhagen: Munks-
gaard, 1985b.

10 Auffray C, Strominger JL. Molecular genetics of the human
major histocompatibility complex. Adv Hum Genet 1986;15:
197-247.

11 Bodmer WF. Human genetics: the molecular challenge. Cold
Spring Harbor Symposia of Quantitative Biology. Molecular
biology of Homo Sapiens (In press).

12 Bodmer WF. Evolutionary significance of the HL-A system.
Nature 1972;237:139-45.

13 Bodmer WF, Trowsdale J, Young J, Bodmer J. Gene clusters and
the evolution of the major histocompatibility system. Phil
Trans R Soc Lond B 1986;312:303-15.

14 Tiwari JL, Terasaki PI. HLA and disease associations. New York:
Springer Verlag, 1985.

15 Schulz H, Geisler P, Pollmaecher T, et al. HLA-DR2 correlates
with rapid eye movement sleep latency in normal human
subjects. Lancet 1986;ii:803.

16 Law HY, Bodmer WF, Mathews JD, Skegg DCG. The immune
response to vasectomy and its relation to the HLA system.
Tissue Antigens 1979;14:1 15-39.

17 Hancock RJT, Duncan D, Carey S, Cockett ATK, May A.
Anti-sperm antibodies, HLA and semen analysis. Lancet
1983;ii:847-8.

18 OttenhoffTHM, Torres P, de las Aguas JT, et al. Evidence for an
HLA-DR4-associated immune response gene for myco-
bacterium tuberculosis. Lancet 1986;ii:310-2.

19 Singal DP, Blajchman MA. Histocompatibility (HL-A) antigens,
lymphocytotoxic antibodies and tissue antibodies in patients
with diabetes mellitus. Diabetes 1973;22:429-32.

20 Bertrams J, Baur MP. Insulin dependent diabetes mellitus. In:
Albert ED, et al, eds. Histocompatibility testing. Berlin:
Springer Verlag, 1984:348-58.

21 Svejgaard A, Platz P, Ryder LP. Insulin-dependent diabetes mel-
litus. In: Terasaki PI, ed. Histocompatibility testing. Los
Angeles: UCLA Tissue Typing Laboratory, 1980:638-56.

22 Thomson G, Bodmer WF. The genetic analysis of HLA and
disease associations. In: Dausset J, Svejgaard A, eds. HLA and
disease. Copenhagen: Munksgaard, 1977:84-93.

23 Winearls BC, Bodmer J, Bodmer WF, et al. A family study of the
association between insulin dependent diabetes mellitus, auto-
antibodies and the HLA system. Tissue Antigens
1984;24:234-46.

24 Svejgaard A, Platz P, Ryder LP. HLA and disease 1982-a sur-
vey. Immunol Rev 1982;70:193-218.

25 Bodmer WF. In: Albert E, etal, eds. Histocompatibility testing.
1984. Berlin: Springer Verlag, 1984:11-22.

26 Trowsdale J, Young JAT, Kelly AP, etal. Structure, sequence
and polymorphism in the HLA-D region. Immunol Rev
1985;85:5-43.

27 Bell J, Rassenti L, Smoot S, et al. HLA-DQ beta-chain poly-
morphism linked to myasthenia gravis. Lancet 1986;i:1058-60.

28 Dausset J, Colombani J, Hors J. Major histocompatibility com-
plex and cancer, with special reference to human familial
tumours (Hodgkin's disease and other malignancies). Cancer
Surveys 1982;1:1 19-47.

29 Pollack MS, Safai B, Dupont B. HLA-DR5 and DR2 are sus-
ceptibility factors for acquired immunodeficiency syndrome
with Kaposi's sarcoma in different ethnic subpopulations.
Disease Markers 1983;1:135-9.

30 Pollack MS, Falk J, Gazit E, et al. Classical and AIDS Kaposi's
sarcoma. In: Albert ED, etal, eds. Histocompatibility testing
1984. Berlin: Springer-Verlag, 1984:403-6.

31 Jones EH, Biggar RJ, Nkrumag FK, Lawler SD. Study of the
HLA system in Burkitt's lymphoma. Hum Immunol
1980;3:207-10.

32 Bodmer WF. HLA today. Hum Immunol (In press).
33 Bodmer WF. Genetic susceptibility to cancer. In: Forner JG,

Rhoads JE, eds. Accomplishments in cancer research. 1985 prize
year, General Motors cancer researchfoundation. JB Lippincott
&Co, 1986:198-211.

34 Oliver RTD, Stephenson CA, Parkinson MC, etal. Germ cell
tumours of the testicle as a model ofMHC influence on human
malignancy. Lancet 1986;i: 1506.

35 Austin P, Trowsdale J, Rudd C, Bodmer W, Feldmann M,

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.40.9.948 on 1 S

eptem
ber 1987. D

ow
nloaded from

 

http://jcp.bmj.com/


958 Bodmer
Lamb J. Functional expression of HLA-DP genes transfected
into mouse fibroblasts. Nature 1985;313:61-4.

36 Bodmer WF. Models and mechanisms for HLA and disease asso-
ciations. J Exp Med 1980;152:353s-7s.

37 Barnstable CJ, Bodmer WF, Brown G, etal. Production of
monoclonal antibodies to group A erythrocytes. HLA and
other human cell surface antigens-new tools for genetic
analysis. Cell 1978;14:9-20.

38 Brodsky FM, Parham P, Barnstable CF, Crumpton MJ,
Bodmer WF. Monoclonal antibodies for analysis of the HLA
system. Immunol Rev 1979;47:3-61.

39 Crumpton MJ, Bodmer JG, Bodmer WF, Heyes JM, Lindsay J,
Rudd CE. Biochemistry of class II antigens: workshop report.
In: Albert ED et al, eds. Histocompatibility testing 1984. Berlin:
Springer-Verlag, 1984:29-37.

40 Bodmer JG, Bodmer W. Monoclonal antibodies in HLA deter-
minants. Br Med Bull 1984;40:267-75.

41 Fauchet R, Bodmer JG, Kennedy LJ, etal. HLA-A, B, C mono-
clonal antibodies. In: Albert ED etal, eds. Histocompatibility
testing 1984. Berlin: Springer-Verlag, 1984:211-16.

42 Bodmer JG, Kennedy LJ, Aizawa M, et al. HLA-D region mono-
clonal antibodies. In: Albert ED etal, eds. Histocompatibility
testing 1984. Berlin: Springer-Verlag:217-36.

43 Durbin H, Bodmer WF. A sensitive micro-immunoassay using
f-galactosidase/anti-f-galactosidase complexes. J Immunol
Methods 1986.

44 Heyes J, Austin P, Bodmer J, etal. Monoclonal antibodies to
HLA-DP transfected mouse L cells. Proc Nat! Acad Sci USA
1986;83:3417-21.

45 Kuhlmann D, Dohr G, Pusch HH, etal. Absence of HLA class I
and class II antigens as well as fi2-microglobulin from normal
and pathological human spermatozoa. Tissue Antigens
1986;27:179-84.

46 Doherty PC, Blanden RV, Zinkernagal RM. Transplant Rev
1976;29:89-124.

47 Goodfellow PN, Barnstable CJ, Bodmer WF, Snary D,
Crumpton MJ. Expression of HLA system antigens on pla-
centa. Transplantation 1976;22:595-603.

48 Barnstable CJ, Bodmer WF. Immunology and the fetus. Lancet
1978;i:326.

49 Redman CWG, McMichael AJ, Stirrat GM, Sunderland CA,
Ting A. Class I major histocompatibility complex antigens on
human extra-villous trophoblast. Immunol 1984;52:457-68.

50 Daar AS, Fuggle SV, Fabre JW, Ting A, Morris PJ. The detailed
distribution of HLA-A, B, C antigens in normal human
organs. Transplantation 1984a;38:287-92.

51 Bodmer WF. HLA structure and function: a contemporary view.
Tissue Antigens 1981;17:9-20.

52 Travers PJ, Arklie JL, Trowsdale J, Patillo RA, Bodmer WF.
Lack of expression of HLA-ABC antigens in choriocarcinoma
and other human tumour cell lines. National Cancer Institute
Monograph No 60. Research frontiers in aging and cancer
1982:175-80.

53 Yamashita K, Nakamura T, Shimizu T, Katagiri M, Ikeda H.
Expression ofHLA class I and class II antigens in human cho-
riocarcinoma cell lines. Int J Gynaecol Obstet 1986;24:301-7.

54 Lawler SD. HLA and trophoblastic tumours. Br Med Bull
1978;34:305-8.

55 Arce-Gomez B, Jones EA, Barnstable CJ, Solomon E,
Bodmer WF. The genetic control of HLA-A and B antigens in
somatic cell hydrids: Requirement for fi2-microglobulin. Tissue
Antigens 1978;11:96-112.

56 Rooney CM, Row M, Wallace LE, Rickinson AB. Epstein-Barr
virus-positive Burkitt's lymphoma cells not recognised by
virus-specific T-cell surveillance. Nature 1985;317:629-31.

57 Sanderson AR, Beverley PCL. Interferon, #2-microglobulin and
immunoselection in the pathway to malignancy. Immunology
Today 1983;4:211-13.

58 Schrier PI, Bernards R, Vaessen RTMJ, Houweling A,
van der Eb AJ. Expression of class I major histocompatibility
antigens switched off by highly oncogenic adenovirus 12 in
transformed rat cells. Nature 1983;305:771-5.

59 Paabo S, Nilsson T, Peterson PA. Adenoviruses of subgenera B,
C, D and E modulate cell-surface expression of major histo-
compatibility complex class I antigens. Proc Natl Acad Sci
USA 1986;83:9665-9.

60 Hirshberg H, Evensen SA, Henricksen T, Thorsby-E. Transplant
1975;19:495-504.

61 Daar AS, Fuggle SV, Fabre JW, Ting A, Morris PJ. The detailed
distribution of MHC class II antigens in normal human
organs. Transplantation 1984b;38:293-8.

62 Daar AS, Fuggle SC, Ting A, Fabre JW. Anomalous expression
of HLA-DR antigens on human colorectal cancer cells. J
Immunol 1982;129:447-9.

63 Lampert LA, Suitters AJ, Chisholm PM. Expression of Ta antigen
on epidermal keratinocytes in graft-versus-host disease. Nature
(Lond) 1981;293:149-50.

64 Mason DW, Dallman M, Barclay AN. Graft-versus-host disease
induces expression of Ia antigen in rat epidermal cells and gut
epithelium. Nature 1981;293:150-1.

65 Bottazzo GF, Pujol-Borrell R, Hanafusa T, Feldmann M. Role
of aberrant HLA-DR expression and antigen presentation in
induction of endocrine autoimmunity. Lancet 1983;ii: 1115-9.

66 Wallach D, Fellous M, Revel M. Preferential effect of gamma
interferon on the synthesis ofHLA antigens and their MRNAS
in human cells. Nature 1982;229:833-6.

67 Winchester RJ, Wang CY, Gibofsky A, Kunkel HG, Lloyd KO,
Old LJ. Expression of IA-like antigens on cultured human
malignant melanoma cell lines. Proc Natl Acad Sci USA
1978;75:6235-9.

68 Aggarwal BB, Eessalu TE, Hass PE. Characterisation of recep-
tors for human tumour necrosis factor and their regulation by
y-interferon. Nature 1985;318:665-7.

69 Ruiter DJ, Bermann W, Welvaart K, etal. Immunohistochemical
analysis of malignant melanomas and nevocellular nevi with
monoclonal antibodies to distinct monomorphic determinants
of HLA antigens. Cancer Res 1984;44:3930-5.

70 Newman RA, Delia D, Greaves MF, Navarrete C, Fainboim L,
Festenstein H. Differential expression of HLA-DR and DR-
linked determinants of human leukaemia and lymphoid cells.
Eur J Immunol 1983;13:172.

71 Carrel S, Schmidt-Kessen A, Giuffre L. Recombinant interferon-
y can induce the expression of HLA-DR and -DC on DR-
negative melanoma cells and enhance the expression of HLA-
ABC and tumour-associated antigens. Eur J Immunol
1985;15:1 18-23.

72 Bodmer JG, Heyes JM, Lindsay J. Study of monoclonal anti-
bodies to the HLA-D region products DQwl and DRw52. In:
Albert ED etal, eds. Histocompatibility testing 1984. Berlin:
Springer-Verlag, 1984:432-8.

73 Ghosh AK, Moore M, Street AJ, Howat JMT, Schofield PF.
Expression of HLA-D sub-region products on human colo-
rectal carcinoma. Int J Cancer 198038:459-64.

74 Epenetos AA, Bobrow LG, Adams GE, Collins CM,
Isaacson PG, Bodmer WF. A monoclonal antibody that
detects HLA-D region antigen in routinely fixed, wax
embedded sections of normal and neoplastic lymphoid tissues.
J Clin Pathol 1985;38:12-17.

Requests for reprints to: Sir Walter Bodmer, FRS, ICRF
Laboratories, PO Box 123, Lincoln's Inn Fields, London
WC2A 3PX, England.

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.40.9.948 on 1 S

eptem
ber 1987. D

ow
nloaded from

 

http://jcp.bmj.com/

